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ABSTRACT




Action Research (EDC 586-7) Final Project
In gender comparisons, females are still under-represented in the professional
scientific world. Understanding how to engage females in the field of science
during their secondary school careers could help reverse this phenomenon. The
participants in this study were all 11'h grade female students enrolled in some
science class at the time. Through direct conversations in focus groups the results
show that to actively engage females in science, they need to have fun, be taught




In the year 2000 women received only 16%o of the Ph.D. degrees granted
that year in Engineering (Miller, Blessing, & Schwartz,2006). Current research
shows that females and males test the same (females sometimes even higher) in
the field of science, yet females are choosing scientific fields as a profession
much less than males. A study done at MIT using the female faculty in their
science department shows how class choices made early on can affect the way
females are led into science related fields. The study found that the percent of
women faculty in the School of Science (87o) had not changed significantly for at
least 10 and probably 20 years (Vest, 1999). According to a study done by Ceci,
Williams and Barnett (2009), by 2006 the percentage of women receiving Ph.D.
degrees had increased to 25To yet the hiring of female assistant professors in this
field had not had a proportional increase. The implications of educational choices




CERTIFICATE OF APPROVAL II
Ivrnooucrtoru
RnLevRNce ro rHE Frsln op EnucerroNr
LrHarreloNs .......,,
$rcNrplceNrcE oF rHe Sruny
LITERATURE REVIEW ............3
INrrRonucrlot!
Etlv tRoN Ha etqraI- INI pt-u enr crs
FrHa eLEs PeRcerrror{s RecRR nrt,tc Sc reNrce
CAN Do AND










SrRreHaerur or rue ReseRRcu Quesrroru





CorqnoerurlRr-rry/ErH rcal C orqceRr'r s
QupsrtoNl 3: Op rHe roptcs pREseNrrn. wHer wns ItrtreResrtr.Jc?
4: WHar ,) ,l





Dnrn Arunlv rs SrRRrEcrEs t4
AcHtEvrNrc Vnt-rntry l5
Quesuoru l: TSLL n,,tg sougrunqc napvoReer-e rRona e screrucg cless u.t youR pnsr............ l6











OrHgp NpoRhaRrloNI - FEN4ALSS spgnrclNlc oNr peN,{RLes nr{ scrgNJce ......,..........34




































The overall goal of my research is to discover what would increase
secondary female student participation in higher level science opportunities. Some
of the research provided will contain a historical perspective while other research
will have future implications.
Relevance to the ield of Education
This study is relevant to the field of education because it proposes
suggestions for how to create interesting and engaging science classes for
secondary female students. Many studies have been conducted that inquire into
the difference between male and female scientific pursuits in schools as well as
work places. In the study The Climute.for Woruen in Academic Science: The
Good, The Bod, und The Changeable,, tt is suggested the academic science
environment can have a strong impact on the difficulties or success female
science faculty experience. The study finds that the more difficult the
environment, the less influence and fewer opportunities as well as slower
advancement and less representation at higher levels for the female faculty
(Settles, Cortina, Malley & Stewart,20O6). As the reader will see later, my
research finds similar experiences for the secondary female science student. This
study aims to evaluate how to engage female students in their scientific pursuits
more fully with the overarching goal of increasing female participation in the field
of science.
I
Purpose of the Study
The purpose of this study is to determine how to interest and engage
secondary female science students in the science classroom. By learning how to
increase their participation in secondary science, I hope to encourage their
participation and employment in the science workplace.
Limitations
This study is based on the perceptions and experiences of 10 secondary
female science students who participated in one of two focus groups. In order to
focus the research on fernales, males were excluded. The offer to participate was
only extended to females in the 1 l'h grade so as to limit responses to females who
had the opportunity to participate in higher level science classes (freshman and
sophomores are required to take physical science and biology and have not had
the opportunity to take chemistry or physics yet). Perspectives of female science
students not participating in the study were not considered in this research.
Sisnificance of the S tr-rdy
The lasting impact of this study will be improved learning in my science
classroom as a result of increased interest and engagement in the topic of science,
The findings of this study will be used to implement an increase in hands-on
activities, consistent review of subject matter and its appropriateness, and my own
personal desire to be continually improving my science knowledge. In the wider
scope, this research may influence other science teachers to review their
classroom environments and take other measures to increase the interest and





According to Janis Jacobs in her look back at what we have learned from
25 years of research on gender differences in science, what is even more
important than students' individual "satisfaction and reward" is stopping the
decrease in numbers of females entering the fields of science and technology in
the United States (2005). For example, in 2000 only l6o/a of the Ph.D. degrees in
engineering and 24To in physical sciences went to women (National Science
Foundation, 2002), One suggestion to solve this problem would be to increase the
"participation of females in this sector...to the same level as the participation of
males" (Van Langen, Bosker, & Dekkers,2006, p. 155). There are currently many
theories as to why so few women choose to go into science occupations, but an
underlying cause would be their lack of higher level science education. Research
points to a lack of interest rather than a lack of ability when it comes to why
females are not pursuing higher science education opportunities (Miller, Blessing,
& Schwartz,2006). This chapter will discuss three themes regarding secondary
female science students and their participation in higher science educational
opportunities: The environmental influences females encounter in their science
classrooms, female's perceptions regarding science in general, and what we as
educators can do to increase female students' interest and engagement in science.
J
Environmen Influences
To begin with, the environment of secondary science classrooms has many
potential factors that contribute to the participation of females in science. These
factors can be separated into ones that educational systems have less control over
versus ones that they can modify. The school setting has been found to influence
female achievement in science, technology, education and math (STEM)
disciplines. For example, females in rural areas lag less in terms of their science
achievement levels than female students in urban areas. Also, females perform
better academically when they are enrolled in a comprehensive or more integrated
system while males perform better in vocational or differentiated educational
systems (Van Langen et al., 2006). The last factor that is one of less control to the
educational systems is the proportion of females compared to males enrolled in a
school. Research shows that females tend to reach higher levels of achievement
in their science classes if the overall school population has 50Vo more female
pupils (Van Langen et al., 2006).
In terms of factors that can be manipulated by school systems, the
classroom becomes an area of focus. Gender bias deters females from engaging
in higher level science courses as well as undermines females' self-esteem in this
area (AAUW,1992). According to the American Association of University
Women report, How Schools Shortchange Girls, gender bias can be found in
textbooks, tests and teachers. AAUW reports that the "contributions and
experiences of girls and women are still marginalized or ignored in many of the
textbooks" (1992, p. 62). These findings and other bodies of research led to a
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national push to get females more involved in the STEM subjects. Since the
publication of How Schools Shortchange Girls, there has been a national outcry
that girls' success is coming at the expense of boys' success in school. In 2008
the AAUW published another report, Where the Girls Are, that refutes this idea
using test score information to support the idea that girls and boys are succeeding
together. Using ?0O7 data from the U.S. Department of Education, National
Center for Education Statistics, the AAUW reports that while girls' average
scores on the National Assessment of Educational Progress mathematics test have
risen, so have the boys' scores. Boys still maintain higher scores on the SAT
math exam and have slightly higher average ACT composite scores than girls but
both genders have improved their scores over the last few decades (Corbett, Hill,
& St. Rose, 2008). Another approach that has been tried in science classrooms is
single sex classrooms and schools. As of 2004 there were 24 public single-sex
schools in the United States (Walker,2OO4).In a study conducted at the
University of Maine, Ramsey (1998) concluded that girls who take same sex math
classes are more likely to enroll in higher science education courses. More recent
research, however, has been found to be inconclusive as to whether students
benefit from same sex classrooms (Corbett et al., 2008). In a study conducted at
Swarthmore College, Dee (2006) reported that being assigned to a teacher that
was the same sex as the student greatly improved their academic achievement.
The study results "imply that a yeat with a female science teacher would close the
gender gap in science achievement among 13 year olds by half' (p.26). As the
5
research shows, environmental factors can have an important influence on the
academic outcomes for females.
Females Perceptions Regarding Science
One of the more abstract ideas my research seeks to address is the
perception that females hold about themselves in terms of science. The idea
behind why females so rarely see themselves as future scientists is now believed
to have less to do with biological factors or lack of ability and more to do with a
social-cognitive perspective that discourages them from entering the field of
science (Schober, Reimann, & Wagner, 2004). There are a number of ways to
look at how perception can affect a female's view of science.
It is suggested that females do not plan to pursue higher science education
because their perception of the nature of the scientific profession is it lacks a
connection to their lives. As early as 8th grade, females report preferring
occupations that involve people, whereas boys prefer occupations with "things"
(Miller et al., 2006). In one study, a l}th grade female participant was quoted
saying, "In twelve years of school, I never studied anything about myself'
(AAUW,1992, p. 61). When asked why males are more likely to go into science
than females, a number of females referenced past experiences in their response.
Most of these past experiences were related to how people had helped them and
how they wanted to return that kindness to all people. However, some replied that
males were just more interested in science. For instance, a female student
involved in the study was quoted saying, "Maybe women tend to be happier with
grass than metal" (Miller et al., 7006,p.37$. In other words, perhaps women
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enjoy working with living things rather than inanimate objects. The perceptions
females hold about science not only applies to how they see themselves in that
field, but how they perceive the field to be in general. One of the main ideas
presented in the report of the preceding study was that females tended to find the
field of science "uninteresting and the scientific lifestyle unattractive." The
summary of the findings in this report includes that "females' rejection of science
is not related to a perception that it is too hard or not fitting the female gender
role; they simply do not find it interesting or relevant to their life goals" (Miller et
al., 2006, p.377).
Females' perception of themselves as possible scientists is impacted by the
lack of note-worthy female scientists represented in science materials. There are a
number of ways in which we, as a society and the environment we create,
influence our youth. We don't even think about it, but we put posters and quotes
all over our walls from Albert Einstein but how many posters have we seen of
Marie Curie? She wasn't just the first female to win two Nobel Prizes; she was
the first person to achieve this high level of recognition regardless of gender. A
study conducted at Murdoch University in Australia suggested that the lack of
female representation in higher sciences translated to a very discouraging force
for secondary female science students. One study participant was quoted saying,
"If there's no female scientists that means I can't get into science, that means I
don't do it" (Hatchell, 1998, p. 377). In the AAUW Report, How Schools
Shortchange Girls, it is found that although "sexism has decreased in some school
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texts, examples of omission, tokenism, and gender stereotyping still occur
frequently in textbook references to girls and women" (1992, p. 60).
What Educators Can Do to Female Interest and Engasement
Stake and Nickens (2005) conducted a study to determine if there was a
correlation between having a good peer relationship in their science class and
whether they saw themselves as a scientist in the future. They found that the
females with more positive science peer relationships had a more positive view of
themselves as future scientists. Further, it was concluded that, regardless of
gender, having peers who shared an interest in science increased the possibility of
envisioning oneself as scientist. Stake and Nickens also suggest that females who
are interested in science were more likely to seek out positive peer relationships in
their science classes. This was to perhaps counter the discouraging influences the
females would encounter in negative peer relationships. There have also been
findings suggesting similar feelings in the workplace. For women scientists, the
perception of a positive or supportive department was related to higher levels of
job satisfaction and productivity. In addition, women scientists may be more
integrated into their departments when they perceive a more positive climate
(Settles et al., 2006).
Ideas for supporting growth in the female sector of science are numerous.
Some ideas are as simple as teachers treating male and female students equally in
science (and all) classrooms. As a female study participant put it, "if [the teacher]
treated you equally then you realize that you are equal" (Hatchell, 1998, p. 381).
Science teachers can also increase female science student interest in the field by
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drawing on females' desire to help others. One way this can be done is by
connecting areas of chemistry and physics to real life, in particular to human
problems. As one researcher put it, "grounding instruction in the females'
emotional experience" can increase engagement (Lockwood, L994,, p. 3).
Teachers can also dispel perceptions about the nature of science and the lifestyle
of scientists (Miller et al., 2006) by bringing in female scientists to speak to
classes about what they do and what their lives are like, or by taking the students
on field trips to see female scientists in action in a professional setting.
In summary, environmental factors have an important influence on
secondary student participation in science. Females' perceptions of science impact
their levels of participation. These perceptions relate not only to themselves as
future scientists, but to the field of science and the perceived lifestyle of scientists.
There are many ideas as to how to alter these views and encourage female
participation in science. One of the best suggestions is to create engaging and





"Action Research" is the type of research being conducted in this study.
"Action research is any systematic inquiry conducted by teacher researchers,
principals, school counselors, or other stakeholders in the teaching/learning
environment to gather information about how their particular schools operate,
how they teach, and how well their students learn" (Mills, 2000, pg. 5). Action
research typically uses qualitative methods "to describe what is happening and to
understand the effects of some educational intervention" (Mills, 2000, pg. 4). This
study was designed and conducted in the "Action Research" rnodel. The action I
am taking by conducting this study is to identify a problem in my educational
setting and then propose ideas to rectify the problem (Mills, 2000).
Focus groups and observations are two forms of qualitative research I
utilized to gather information on female secondary students' perspectives on
engaging science classrooms. I used observations to further understand the
participant attitudes toward science. To authenticate this process I have used the
words and actions of my participants in the presentation of my study.
Statement of the Research Question
The question this study proposes to address is: According to secondary
female science students, what creates an engaging and interesting science class?
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Significance of the Question
The significance of this question is that in gender comparisons, females
are still under-represented in the professional scientific world. For example, in
the year 2000 women received only l6Vo of the Ph.D. degrees granted that year in
engineering (Miller, Blessing, & Schwarlz,2006). Current research shows that
females and males test the same (females sometimes even higher) in the field of
science, yet females are choosing scientific fields as a profession much less
frequently than males. A study done by Belkin (2008) found that women leave
science and technology jobs at twice the rate of men. Ceci, Williams and Barnett
(2009) found that even though the percentage of females holding a PhD had
increased over the past 30 years, they have not had the same increase in faculty
appointments. For example, women earned 31To of chemistry PhD degrees
between 1993 and 2003 but were only hired for 2lTo of assistant professorships
(200e).
Setting and Participants
The student participants in this study all attended a private 7 -12 school
located in the Twin Cities. The ten students who participated in the focus groups
for this study were I lth grade female students at a private school in the Twin
Cities Area. At the time of the study, this school had an enrollment of 1,203
students with 53o/o male and4TVo female. The Junior class had23l students of
which 64 were female.
At the time of the study I had been teaching 9th grade Physical Science at
this school for five years. As a result of this, I had had 7 out of the 10 participants
l1
Augsburg College Ubtary
in class during their freshman year. Some of the participants had continued to
keep in touch with me (stopping by my classroom to chat) over the two years
since they had me as a teacher. Because the students volunteered to participate in
the study the focus groups are not representative of the entire population of
female students at this school. Of the 64 female students eligible to participate
(the entire female population of the junior class was invited), twelve females
returned their consent forms and ten ended up participating in the focus groups.
S ub i ect S ampl ins/Recruitment
To begin with, all female students in I lft grade were summoned via
loudspeaker to the chapel (the appointed meeting place for quick meetings such as
this) and were read the following script by myself:
I am currently pursuing my Master of Arts degree in Education and the
information gained from this study will go into my final project which will
be presented at Augsburg College in the fall. Why I am here today is to
find interested participants who would like to meet in a focus group once
after school with me and five other female students to talk about a series
of topics related to science. If you think you would be interested, please
read the letter of consent and discr-rss it with your parents. Please return
this letter of consent to your homeroom teacher. By indicating that you
would be interested, you are not bound to participate in the study nor does
your interest guarantee that you will be chosen to participate. If you are
chosen, you and your parents will be contacted.
A letter of consent was sent via U.S. mail to arrive that day at the homes of all
females in the 1lth grade. The interested students voluntarily returned the consent
form to their homeroom teacher who passed it on to me. The criteria, or screens,
were females in the 11th grade who were currently enrolled in a Science class.
t2
Procedure/Methods
Data was collected using a series of two focus groups with five
participants in each group. The size of the group was determined based on
recommendations by Krueger and Casey (2000) to limit the size of the group to a
smaller focus group, or mini-focus group when the participants have had "lengthy
experiences with the topic of discussion" (pS. 74). The focus group questions
were determined using guidelines suggested again by Krueger and Casey:
1. Introductory question: Tell me about something memorable from a
science class in your past.
2. Transition question: What topics do you wish your science classes would
cover?
3. Key question: What topics are you interested in that have been presented
in your science class?
4. Key question: What do you like about science? What engages you in your
science class?
5. Ending question: What do you think about science?
6. Ending question: Is this a good summary of the themes we have discussed
today? Is there anything you wanted to say that you didn't get the chance
to say?
Role of the Researcher
My role as a researcher is combined with my roles as a previous teacher to
some of the study participants and a role model/mentor to some of the participants
as well. I saw a few of the participants just about every day in school and chatted
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with them fairly often. As a teacher I try to encourage a relationship with my
students that is trustworthy and respectful, in and out of the classroom. A few of
the study participants who had also had me as a teacher expressed their loyalty to
me either before or during the study, thus making it even more important for me
to represent an unbiased researcher role while conducting the study. I feel the
students chose to participate because of their relationship with me or because they
had a curiosity about the study as well as an interest in Science. I feel that this
mix provided useful information to use towards conclusions that are useful to me
as a teacher and as a researcher.
C onfidenti al ity/Ethical Concerns
Since human subjects who are under the legal age of consent were used, a
number of checkpoints needed to be in place before the study was conducted.
The subjects, as well as their legal guardians, were made aware of the risks and
benefits of participating in this study. Because of the relatively young age of the
subjects, their confidentiality was protected with the utmost of care. The subjects
were not coerced into participating and felt free to withdraw at any time without
any consequences. The data will be destroyed by October 1,2011 and has been
kept in a locked safe. In publication, the students' names have been changed to
protect anonymity and no reference was made to the school name.
Data Analvsis Stratesies
The analysis was conducted in a practical, systematic, and verifiable
manner (Krueger and Casey, 2000). The data analysis process began once the
videotaped focus groups had been conducted. This process involved transcribing
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the focus groups and then analyzing the transcripts to identify responses that
answered the focus group questions directly. The findings are presented
structurally as answers to the focus group questions. Coding was done after this
process in order to discover themes and to keep the participants responses intact
and attached to the appropriate question. "Coding represents the operations by
which data are broken down, conceptualized and put back together in new ways.
It is the central process by which theories are built from data" (Corbin & Strauss,
1990, p9.23).If three or more of the participants had similar comments or codes
during the focus group, I considered it as a theme. Once the key themes were
identified, a literature review was conducted to correlate my findings with
previous research.
Achieving Validity
Avoiding bias in the presentation of my findings was a difficult task since
I have a personal interest in the topic as well as a student/teacher relationship with
some of the participants. To avoid bias, I transcribed the focus groups
deliberately and accurately. This translates into an accurate account of the




In general, all of the responses could be organized into one of four
prevalent themes that arose after coding the data: having fun while learning,
hands-on activities, quality teacher and challenging classes. The themes will be
discussed in detail in Chapter 5: Conclusions and Applications. They are
mentioned here for the reader to be on the lookout for the supporting data as it
presents itself. The participants also often recalled experiences that they attached
value to, The value was often derived from how much fun they had, how much
they learned from a quality teacher, how hands-on the lesson was, or simply
because it was a challenging class. For the purposes of organizing and
disseminating the information, the data is presented here on a question-by-
question basis.
l: Tell me so class in
ln response to the introduction question, participants had varied memories
to share from previous science classes. Virginia saw value in participating in
several science fairs while growing up. The value was in what she perceived as
being useful towards her future while still having fun:
I was in the state science fair several times and we got to [finals] and that
was a lot of fun and it was really interesting and learning presentation
skills as well as what was going on.
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The aspect of fun lends itself to the study of science since people inherently think
it is fun to make change happen. Joy remembers an activity from her 3'd grade
class:
We weren't into high tech stuff yet, hut I think we had a bulb and a battery
and some random j,r.,k and we had to make the light bulb light with the
battery without directly touching them together. I thought that was a lot of
fun. I think we had a potato in there too; it was really weird but really fun.
The fact that the study of science can sometimes involve "cool gear" increases the
fun factor for Elizabeth in the following statement:
I remember in elementary school one of our classmates moms came in and
she was a detective and she brought in this fingerprinting kit. She was like
a forensic scientist and brought in all this really cool science gear and
fingerprinting materials and stuff. It was the coolest thing ever.
Being hands-on was not the only way in which the participants felt like their
classes and/or memories were active. However, building and working with their
hands is an aspect of the participants' science curriculum that they seemed to have
a lot of fun with, as evidenced by Clara's statement:
The machine out of popsicle sticks was really fun because I like things
that are hands-on.
Laura agrees with Clara in her recollection of a very hands-on freshman year
science curriculum:
t7
I really liked the experiments we did freshman year; that was the year we
did really good experiments like the construction and the car and the egg
drop and the catapult; definitely my favorite experiments.
The quality teacher theme comes into play a number of times in the participants'
memories, whether it is their actions at the direction of the teacher or the actions
of the instructor. Ruth has a strong memory of a demonstration she saw in a
science class:
I just keep thinking of Mr. Thinks class when he took a magnet and put it
to the television and we got to see everything on the screen distort. Even
if he destroyed his TV he did it so we could see it. He does a lot of that
kind of stuff where if you ask him a question he doesn't worry about
destroying thing' he just does it.
A quality teacher leaves a lasting impression, as evidenced by Rachel's memory.
Rachel didn't remember this example because of what it taught her, but rather
because of the way in which it was taught:
ln 8th grade I had a science teacher [who] was just wacky. She had this
gun thing and you pull back and it shoots air. We would light a candle at
the end of the room and shoot from the back. That's my science memory.
Clara adds to the idea of value as being something you can see the fruits of your
labor from, rather than answering questions for a grade; the essence of beino
challenged:
Building something and seeing the product of all of our work together and
accomplishing the grade that we worked for [in that way].
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Ouestion 2: What kind of tooics do wish your science class would cover?
To take an idea from an 80's pop icon, sometimes girls just want to have fun, and
they want to see it to believe it. When the participants were first asked what kind
of topics they wish their science classes would cover, without even missing a
beat, Harriet blurted out:
Things that blow up.
Rachel elaborated on this idea:
I know we kind of do it but things that have a reaction when you see it,
like a huge reaction or the whole chemical thing like on Joe Dirt (the
movie), he does some experiment when you mix some gas together and it
blows up or you fall asleep and you die in it.
The participants identified Forensics as a "cool" and fun way to learn about
science. The following excerpt from a focus group includes comments from the
group at large:
Joy: that would be such a fun unit to actually do, like a CSI thing.
Group: that would be awesome
Joy: that would just be really cool
Virginia: I think at Wayzata they have a forensics class and I think that
would be really interesting. I think you could probably get a lot of kids to
take that class.
Harriet: A lot of people would take that class.
Group: yeah - CSI is the best show ever - that's cool.
Virginia: if we could get a class like that people would be really interested.
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Group: I would take it, yeah.
Laura expressed a desire to be a bit more hands-on with the reactions, rather than
only watching the teacher do them:
More reactions, more chemical reactions would be something I'd want to
cover because our teacher talks about them in our class, but then we never
do anything fun with chemical reactions.
Here Joy points out a characteristic of a quality teacher that was missing from her
class:
When we're doing the DNA thing the teacher's always talk about doing
DNA fingerprinting and forensics and stuff and we just never did it.
Group: yeah
The participants express their desire to take part in the study of forensics and not
just talk about it. They want to get their hands-on it, and make it happen just like
on the TV show CSI (even though perhaps what happens on TV isn't how it
would happen in an actual lab). They view the study of forensics and DNA as
engaging and challenging as evidenced by the following comments from Annie,
who had gone to the CSI exhibit at the Science Museum of Minnesota:
I don't think that DNA fingerprinting is that complicated to bring into a
school but it's just another field of science that people might be interested
in and that might get people's attention more than certain things.
The ability to relate topics of study to real life is echoed in Ruth's following
statement. Here, she relates the study of DNA to her desire to be more challenged
and still be hands-on:
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I don't know how hard it would be to learn about that in school, like DNA
samples, but I think that really interests me because it's not like life or
death, because I get kind of queasy around blood but I really like medicine
so I think the lab would be the closest thing and I want to do that problem
solving.
The topic of life came up often in the focus groups. The parlicipants had various
reasons for their desire for this topic ranging from personally relevant, engaging
or interesting, to seeing how that field of study could help create a better
tomorrow or be a pathway to a fulfilling career. At the heart of it, Harriet sees an
unconquered challenge in the following excerpt:
I really wish we did more with the human brain; I mean just think about
all that we're capable of and we don't even begin to grasp what we could
possibly do with our brains and I think it'd be really interesting to learn
what causes mental illnesses. I think it's really fascinating; I just think it's
really impressive what people can do.
Elizabeth saw a challenge when she spoke on learning about ecosystems,
specifically an opportunity to problem solve:
I wish that we would learn more about ecosystems and how they work
together and, this is just more in recent years, but sustainable energy and
how to live in a way to leave less of an impact on the natural world around
you. That's really important to give students an idea of where to start
from because regardless of whether people think global warming is an
issue or not it's really important to respect nature; different problem
2t
solving ways of what's going wrong with how we use energy and pollute
the environment and how you can fix that.
Annie and Ruth plainly state their desire to be more challenged in the following
consecutive examples:
Annie: I don't think science is challenging at this school. I really wish it
was more challenging because it is one of the subjects that I'm actually
really interested in.
Ruth: I feel like a lot of times in science we do really repetitive things; I
feel like I've learned how to weigh a penny every year.
For future class planning, it is important that I recognize the value of teaching
students topics that they find interesting. There are five topics of interest that the
participants felt strongly about including: DNA/Forensics, the human
body/medicine/nutrition, more reactions/in depth Chemistr], Marine Biology, and
ecosystems/pollution. Annie gives an example of why the personally relevant is
so engaging:
[I'd like to study] the human body because I feel like people are most
engaged in science when it's had to do with us like in Biology when he
talked about different diseases or different things that go on in the body.
It's more interesting because you're learning more of how it affects you
personally and also because in the future that could be the kind of stuff
you learned in science that could make a bigger impact on you or even
your choices for careers and stuff.
')'l
Relating to real life is a way of engaging students in the study of science and
Elizabeth sees it as a reason to bring DNA into her realm of study:
Personally I think the DNA thing is really interesting, because I like
genetic disease and stuff. It personally affects my family and my grandma
and my dad both have genetic diseases so it's really relevant to me and it
would be really interesting to learn genetics in depth cause we learned that
' -th t r.1in 7"'grade, like basic genetics.
Ruth shows that she is thinking about the future and how she could use science to
make it better:
I really liked health class and so if we can learn more about nutrition and
fitness I'd find that interesting and I think that would be beneficial to
people.
Ouestion 3: Of the topics presented. what was interesting?
This question elicited a wide range of responses. The participants cited specific
topics of interest as they related them to the four main themes: Fun, hands-on,
quality teacher and challenging classes. Of the four themes, hands-on lessons was
mentioned more often than the other three themes. For all the fun that was
mentioned in response to the previous two questions, the participants did not
bring up fun as often when they were relating what they felt was interesting.
There was still fun to be had, though, as shown by Elizabeth's recollection of how
fun science class could be when you felt challenged:
I really like the machine project a lot. My partner and I worked really hard
on it and it was really fun trying to think of different ways to make
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something work and it was just like a problem that had to be solved and
that was fun.
Laura gives an example of a few topics she recalls being fun in science class:
I have always like science; I like Physical Science because you do a lot
with your hands and that's fun; you do a lot of building, you do
engineering type stuff, you do a lot of experiments. But biology was fun
when we were learning about sections of the body.
Biology was also credited by the participants as having given them a chance to
work with their hands on tangible things. Here, Laura and Joy sum it up:
Laura: Definitely dissections - stuff with your hands.
Joy: I liked the dissections. Everyone thought they were gross; I liked
them.
Annie explains how having hands-on lessons to learn from works for her:
The concepts that I remember the most are the tangible subjects which
usually have to do with the body or animals or light. It's interesting to
learn about things that are going on inside me.
The following banter between participants gives multiple reasons for enjoying
dissections and hands-on lessons in general:
Harriet: I loved dissection; it's so cool to see what's inside of us instead of
just looking at the book
Joy: Or just looking at a picture cause it's totally not the same
Virginia: Or looking at a computer screen which is what we did most of
the year last year in Biology
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Clara goes a bit further in her explanation and includes the hands-on aspect of
doing experiments as well as the enjoyment of being challenged:
I think one of the best parts of science classes is when we do labs. It's
hands-on for you to see it for yourself instead of having a teacher try to
explain to you what the result of an experiment is you see for yourself.
It's also another way of problem solving and it helps you grow in other
classes because you realize that if you screw it up you have to learn how
to fix it too. So you have to learn to work with what you do.
The history of science kept repeating itself as an area of interest throughout the
focus groups. In the following comment, Virginia ties it in with the importance of
having a quality teacher:
I really enjoy the history of science. I don't enjoy history in general, but I
think just realizing when people invented certain things and stuff like that
and how it relates to science in general is really interesting. We were
talking about the Hindenburg and I thought that was interesting 'cause he
could have just taught us about hydrogen and how it reacts with things and
can make things blow up, but instead relating it to history too was really
interesting.
The reasons given behind the enjoyment the participants derived from Biology
were many. Clara explained her liking for the study of life forms while also
emphasizing the importance of the teacher:
It does depend on the teacher that you have and how passionate they are
about it, but the things we learned like when we did projects with
25
butterflies - it's another form of life that we're learning about that's been
foreign to use. Like we see butterflies all the time in the summer but we
don't know how they work or how long it takes for them to form into a
butterfly. I really like learning about different life forms that live parallel
to us, but it's completely different.
Harriet explains why even the smallest of experiments can go a long way to
enhance learning:
We did that light thing with the gases and you plug it into that thing - that
was really cool. It seems so simple but when you get the prism that you
look at the color, that was really interesting and it didn't even take that
long. It was just a little side that sort of related but it was more interesting
and engaging for all of us.
The participants felt that they were given the opportunity to be challenged in their
Physical Science classes. This was an area where they also had an opportunity for
collaboration with other students. Virginia expresses this aspect with the
following comment:
Stuff when you had to think, like in Physical Science building a car (even
though ours failed miserably) it was interesting to see. We all had to bring
in a diagram of what we wanted it to look like and then we combined
them. Doing stuff like that where you get to see what other people were
thinking and then you have to combine it with yours; it's just interesting.
The topics or activities the participants found interesting also included doing
experiments as well as seeing teacher led demonstrations. Part of the enjoyment
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was derived from being challenged in their science classes, as illustrated by
Elizabeth:
My favorite part is the labs and stuff; I love to do actual experiments and
stuff and deducing [information] - like logical reasoning. It's really fun
for me.
t like about science? What
When the participants were asked this broad question, all four of the themes
surfaced: fun, hands-on lessons, quality teacher, and challenging classes that
prompted problem solving. The idea of fun didn't come up nearly as often in
response to this question as it did in other questions. However, fun still has its
place in the science classroom, as evidenced by Annie's comments here where
she talks about the tools they used:
Science is a fun and interesting class to be in because you get to actually
use tools that people use in real jobs. It's a class where you're using the
same things that you know someone who's figuring out something more
important could be using a similar tool.
Virginia had fun in science when she was doing something rather than try to pay
attention to a lecture:
Experiments to me make sense and I just think they're fun so I pay
attention to what I'm doing rather than a PowerPoint.
Harriet explained how being hands-on and doing an experiment could lead to a
deeper understanding of the subject matter:
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Well, you understand it better if you get to do it rather than watch the
teacher do an experiment.
Clara appreciates the tangible outcomes of hands-on activities as seen here:
I like things that are hands-on and we got to actually see the product of it
and it actually do something instead of like learning equations and
everything. I liked actually building something and seeing the product of
all of our work together and it accomplishing the grade that we worked
for.
Later, Clara added to her explanation:
I think [doing experiments is] a lot more interesting because it's relating to
things that we can think about by our self instead of other peoples' ideas.
Of the four themes, the importance of the teacher was by far the most often cited
theme in response to this question. The personality of the teacher, how
knowledgeable they are of the subject area, how passionate they are about the
topic, and their ability to present a challenge were all ideas that came up in
response to this question. Joy summed up how the teacher's personality has the
ability to draw the students in:
I think a big part of it is the teacher, 'cause the teacher can make
something, even if it's boring, the teacher can make it interesting.
Harriet emphasized the need for a science teacher to have a sense of humor with
the following comment:
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Teachers that engage you in experiments and make the learning material
fun even if it's boring. They make jokes so you remember it because they
told that joke right after it, it gives you a way of remembering it.
Sometimes the participants liked the teachers' personalities simply because it
made the class more fun. Joy shares her ideas:
He goes through experiments in class and he has his PowerPoint up and he
goes at the pace of everyone in the class and then from out of nowhere he
starts making a joke or something and I think that just makes it so much
more interesting especially if it's something that's boring and the teacher's
like "hey, I have a joke" and you totally want to pay attention now.
Having a knowledgeable teacher was important to the participants. Joy explains
how that helps in a classroom:
He's very clear in the way that he teaches. 'We'll take notes but then as a
class we'll get on another topic. Like we'll ask him about radiation,
tanning, skin color, gas, headlights, which don't relate but he knows all the
answers. We're determined to find an answer he doesn't know which is
intriguing to do.
Having a passion for the subject matter they are teaching is an attribute the
participants found valuable. Elizabeth explains this in the following comment:
I really love it when teachers seem like they just want to teach you this
because they think it's interesting. I've never had Mr. Think as a teacher
but I have had him as a coach before and he's explained how your muscles
work in a 15 minute long lecture but it was interesting to listen to him the
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entire time. He just knows everything about everything so I think it's
having a really hands-on passionate teacher; that's really important in
science because the material can get dull really quickly if they don't know
how to get it across.
Building relationships and creating challenges for the students is another way the
teacher is important in the science classroom. Clara gives her reasons for
appreciating the relationship building aspect:
There is a trust and understanding and knowledge that the teacher and us
both have that we could hurt ourselves but we're being trusted because
this is something we're going to learn and we're both taking a risk. It's
engaging and it's something that's easier to learn; we see it and notice
things from our eyes, not from pictures in the book.
Freedom in the classroom is also a boon to building relationships in the classroom
as Annie says:
They give you a lot of freedomi ]ou follow the directions but if you finish
early you could do what you want and explore it more, so that was good.
Annie explained how a teacher can make the class interesting by creating
challenges:
Going back to Mr. Think, I like how he doesn't directly tell you the
chemical reaction that's going on; he'll give you something, like a car, and
tell you how your car works and everything about it and then he'll show
you why and say this is exactly what an atom does.
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The participants referred to being challenged as an engaging aspect of their
science classes. Annie is quoted here:
I really like science and I think it's interesting to learn about how
everything works and why certain things are the way they are.
Ruth expressed her opinion on this adding a male vs. female viewpoint:
Boys like to learn about rocks; I just think that girls, I don't want to
generalize, but I think it's true that girls really like to figure things out for
themselves.
Virginia sums up the idea here:
The why factor is probably what I like about science the most.
There was an interchange between the participants that focused on appreciating a
challenge in the science classroom:
Virginia: Stuff can get really confusing but at the same time that confusion
makes me want to think about it more like actually considering the science
aspects of it.
Harriet: I love stuff that unknown; it makes it so much more entertaining
because it makes me think maybe this is something I want to do; so I can
figure out "why."
Joy: And then when you figure it out you're like HA (laughs).
Harriet: I like the mysterious stuff in science.
Not all the participants' felt their science classes were always challenging. Annie
expresses her frustration with not feeling challenged in consecutive science
classes:
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Every year that I had to do the same project I'd done a year before it really
drives me ffazy. I'm not kidding; I've weighed pennies in 7'h grade, 8'h
grade, and in 9'h grade learned how to use a scale. The simplest things that
just aren't challenging.
Question 5: What do you think about science?
A mostly enthusiastic manner was the attitude with which this question was
answered in both focus groups. This data didn't lend itself to coding as the
previous four questions had as the minds of the participants seemed to go to far
away places for their answers. For the purpose of just disclosing all the
information, it is given in this section simply as it was received. Harriet had a
passionate answer that showed her appreciation for discovering new things:
I love it! I've always been a mystery type person so I find it really
entertaining that there's so much that we don't know yet. That I find just
amazing. It's really fun to figure out stuff.
However, sometimes the confines of the classroom don't lend themselves to
extended discovery as Annie elaborates on here:
I really wish it was more challenging b/c it is one of the subjects that I'm
actually really interested in and I really like science, like learning about
how things work and the in depth world - how it works, but I feel like we
either skim the surface of something really complicated because [the
teachers] don't think we can understand it, or they just skip the topic
altogether. I feel like we're really missing out on things and we just don't
get enough opportunities.
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Elizabeth replied with some awe when she said:
The fact that life exists is like, so crazy. I think that's why a lot of people
love [science] cause we're just like how does this even work and this
universe that's just flying atoms and molecules which I think is really
interesting.
Instilling a sense of stewardship is also a takeaway item for these participants.
Joy gives her view:
I think everyone around the world is trying to figure out what's going on,
how we can make it better, and people can relate to that easily. Something
like that pays it forward really well and I like that.
The universal aspect of science, in that it's ideas hold to be the same in any
language, was an aspect that the participants found engaging. Rachel gives her
opinion:
With science you can apply so much to it, I think everything relates back
to science. Which is kind of interesting, like no matter, not no matter, but
kind of no matter the field you'd like to go into, you can always relate
science to it, so you can kind of find which genre you like and still do your
science thing.
Joy gave more reasons why science's universality had appeal:
Science in general, I like science because it helps you explain; it helps to
explain what's alreadyhere or why something is happening or what can
happen and science is so old and you think about it; it's like you have
people that have always been trying to prove why we're here, what we're
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made of, how we got here and I just think it's really cool cause you're
kind of connected to everyone that's ever studied science in a way. And
science is kind of a universal language.
Because of science being a universal language, it lends itself to collaboration well.
Maria goes into that idea with the following comment:
I think another big part of science classes is being able to work with other
people too because you can be sitting in your math room and filling out a
worksheet or whatever and when you're in science you're doing labs and a
lot of times you're with partners and you're bouncing ideas off each other
and you're asking each other questions and I think it's a really good way
for kids to learn from their peers and from their teachers and it helps them
make ideas and ask questions.
Other information - Females speakine on females in science
In the course of the focus groups ideas came up that were not direct
responses to the questions asked, however, that provided insight into the
overarching research question "According to secondary female science students,
what creates an interesting and engaging science classroom." Females speaking
on females and science is the specific topic that came up rather pointedly. This
theme presented itself in only one of the focus groups, but was an extensively
discussed topic in that group. An interchange between Elizabeth and Annie
introduces the idea:
Elizabeth: we never really touched on this but I have this thing where I
think a lot of girls never reach their full potential or participate in science
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class as much they have the ability to, b/c of certain ideas of how they
want to [ook, like
Annie: like it's bad because you're a "science girl"
Elizabeth: I've always had a problem where I can't stop myself from
raising my hand and stuff, and I don't know, from observing my
classmates I think girls often restrain themselves from answering
questions or asking questions because there's guys in the room that they
don't want to look stupid in front of or they don't want to look too smart
because then you're just a know it all.
A stigma seems to exist for these female participants in their science classes. Here
is an example where the stigma originates from the teachers given by Annie:
I know things are changing now and women didn't used to have much to
do with science, it used to be like men, but I know things are changing, but
there still is that in the air, even when teachers speak, when they say
something like that, "if a girl feels like they're going to faint or if you girls
aren't willing to touch the pig, get a boy partner", when there were kids, I
cracked the jaw open (on the pig) for the boys in our room because they
refused to open the jaw of their pig. So her saying that was automatically
assuming that the girls would think this was disgusting, when in reality it
was mostly, it was a number of boys that wouldn't do it, wouldn't touch it,
refused to lift the pig into the bag or whatever else it was. I think that's a
problem.
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This last exchange between three participants and me conveys more of the same
sentiment Annie expressed:
Ruth: Right, not all girls are afraid of blood
Annie: yeah, like the pig dissection you know it's like "and girls if you
feel like you're going to faint"
Ruth: and it was the guy across from me that didn't want to touch it
Me: so a teacher would say "girls if you feel like you're going to faint"?
Annie: yeah, I feel like girls are really pigeon holed





Through the analysis of the information gained from the focus groups, I
was able to decipher general ideas that answer my research question: According
to female secondary science students, what creates an engaging and interesting
science class? By spending time with the participants in small focus groups, I
was able to obtain real answers to the focus group questions and appreciate the
emphasis with which they were given. Following are conclusions drawn and
recommendations made regarding each of the four themes. Also found are my




We learn in our education classes that students learn better when they are
enjoying themselves, so it's no surprise that the theme of fun should surface in a
study such as this. The aspect of fun lends itself to the study of science since
people inherently think it is fun to make change happen. The thing about fun in
the science classroom is that there is a time and a place for it. Meaning, there are
times when it's appropriate and times when it's not. Encouraging students to
have fun while they're learning is a fine line to walk in a sometimes dangerous




In the study the idea of fun intertwined itself with every other theme that
was present. The focus group participants often related their anecdotes while
saying how it was fun to be challenged; fun to do hands-on activities; and fun to
be entertained by your science teacher. Fun is such an arbitrary concept, though.
While some participants thought it was fun to work with their hands and see the
fruits of their labor, there were other participants that thought it was fun when the
teacher put a funny joke into the middle of an otherwise bland lecture.
An aspect of having fun is being socially interactive. As presented in the
literature review section of this paper, the climate in a science workplace as well
as in a science class can have a lasting impact on how females fit into either of
those arenas. As stated previously, the more difficult the workplace environment,
the less influence and fewer opportunities for the female faculty (Settles et al.,
2006). This is not to suggest that science classrooms should just become a free-
for-all party atmosphere, but if we can strive to make the environment a
welcoming one for all students where they feel able to have fun at appropriate
times, perhaps we can engage them in even the toughest of topics. In addition to
the climate, having positive peer relationships in the science classroom and
workplace also showed up in the research as having a positive impact on the
female in those environments. Having the feeling of having fun at work or at
school would certainly make the experience more enjoyable.
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Self-Reflection
I think I'm pretty funny. For instance, I can't wait until the part of the
year where we discuss the atom in detail enough so that I can tell my "So these
two atoms are walking down the street" joke. I know that my students pay more
attention to me and to what they're doing when they think it's fun. The fact that
the idea of fun came up in the focus groups as a theme, however, was something
that didn't rub me the right way at first. The reason for this is that as a 9'h grade
science teacher, my job is to really start exploring these topics with the students in
more depth than they were previously taught. For instance, when we do the egg
drop experiment, every year I get a few students that say, "Oh, I've done this
before." When I inquired as to what they learned from it, their response was quite
vague and usually included something about how it was just so fun to splatter all
those eggs on the ground. Well, good, they had fun, but now I have the task of
keeping it fun while they learn about speed and Newton's First Law, to name just
a few of the concepts related to this project. To me, the idea of fun in the science
classroom is a double-edged sword; I want the lessons and the learning to be
enjoyable but I don't want the students to come in looking for a magic show every
day.
I know that we learn better when we are having a good time; it's just a





Female students want to be able to see the fruits of their labor in the
science classroom; they want to be able to touch the lesson and have it be real to
them. This creates a challenge for science teachers. Specifically, the text used in
the class needs to be applied in such a way that the lesson can physically come to
the classroom and be a part of the learning rather than simply relying on reading
and taking notes. This is where our dedication as teachers really comes into play;
some teachers rely heavily on the text to do the explaining, along with their
lecture. Other teachers work diligently to increase the opportunities in their
classroom for the students to have a meaningful, hands-on, constructively taught
lesson. From the study participants' viewpoints, there is also an opportunity for
collaboration that hands-on projects present in a way that other modes of
classroom work do not. Often times there is also a presentation aspect that is
associated with this type of group work that is useful as a future skill builder. The
participants recognrze the value of this even at a seemingly young high school
age.
Conclusions
The reasons the participants gave as to why they appreciated hands-on
lessons so much were varied but not surprising. Two of the focus group questions
overwhelmingly had the hands-on theme in their response. The two questions
were: Relate something memorable from a science class in the past, and of the
topics presented in their science classes what interested them. The memories
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were related with happiness and a general fondness, both for the activities done
and for the teachers that presented them. For instance, even if the experiment
resulted in failure, the process was valuable because it was fun or the participants
found value in being able to see the fruits of their labor. There is also an aspect of
the hands-on activities that many times require the students to work in groups.
This added a dimension of value as some of the participants were able to see the
skills being built here, appreciating being able to see what other people were
thinking and then working to collaborate and create an idea together. They also
appreciated working together towards whatever grade was achieved,
It was not only the memories that were hands-on, but also what the
participants would like to see more of in their science classes. Instead of
watching the teacher conduct the reactions at the front of the room, the students
would like to be able to have those opportunities themselves. Another aspect of
doing hands-on activities in the science classroom is the opportunity to use "cool"
tools, for the students to feel like they are doing something that is important, or
that simulates a professional setting for them. It also allows them to explore and
to do, rather than just listen. This is a unique aspect of the science classroom that
we can really exploit.
By creating their own outcomes, the students are also able to corne to a
deeper understanding of the subject matter. Right or wrong, they can create their
own conclusions by analyzing something they can think about as their own rather
than just analyzing someone else's thinking. The students can have fun even
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while their experiment may fail, and they may learn something along the way as
well.
Self-Reflection
As a teacher, I can appreciate how having hands-on experiments can
create more of a reality for the students as well as present a unique learning
opportunity for them. However, when you're in a classroom with 30 ninth
graders and you're thinking of doing an experiment that involves using 15 hot
plates in a room with 60 elbows, it's easy to change the plan to one burner in the
front of the room with one person (me) in control of the situation. In addition to
everything else that is teaching science, it is also a balancing act of great
proportions. While I can understand that it's not that interesting, nor is it that
engaging or instructive to stand in front of the class and lecture and demonstrate, I
also have l2O students per day to prep for and have lessons ready for. As a
science teacher, there is a different degree of readiness that is required of us.
Labs take time to organize, prep for, order supplies for, set up and take down.
When there is not a prep period dedicated to this (as there is not at my school), it
falls into my before or after school time to complete all these tasks. This is in
addition to all the normal everyday requirements such as planning and correcting.
It can be daunting to even the most seasoned and well-organized of teachers.
However, to see the look in the eyes of these students, particularly the females
when they have that "A HA" moment derived from something they have
discovered for themselves, makes it all seem more than worthwhile. It does take a
great deal of organization and planning, but if I can increase the number of hands-
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on activities in my class I know it would benefit my learners. It is also another
opportunity to provide the scaffold on which my students can build their own
knowledge.
An example of a way to enrich at least one of my lessons and make it
more hands-on is my lesson on the atom. Currently we do a few different
exercises to try and convey the minuteness of the atom's size. One of these is that
we "walk out the atom." What I mean by this is that we go into the main hallway
and starting at the end of the hallway (the edge of the electron cloud) we then
walk the appropriate amount of steps to get to the atoms center (the nucleus) and I
explain that even at this point the nucleus would be no larger than the tip of a pen.
To make this visual more effective and perhaps a bit more hands-on, we could
make signs that say "edge of electron cloud" and "edge of nucleus" and perhaps
also have some students crowded together holding "+" and "-" signs. We might
need to enlarge our scale and go out to the football field! This is just one example
of the many ways to get the students more involved in their learning.
Quality Teacher
Overview
The classroom teacher fills a variety of roles: educator, disciplinarian,
comedian, caretaker, and resident expert, to name a few. The impact a teacher
can have is far-reaching, whether it's a positive or a negative impact. Students
look to their teachers to not only teach them but to challenge them, entertain them,
and lead them safely into unknown territories. During the process of conducting
the focus groups and then disseminating the information, the participants often
43
voiced their appreciation for good teachers. How they defined "good" was
variable, but often tied in with someone who knew what they were talking about,
who engaged them through their own interest, who drew the participants into to
the lesson with either their own animation or in the creation of knowledge.
Teachers had a huge impact on the participants in this study. Many of their
earliest memories of science somehow involved the teacher; often more than the
subject matter. In terms of study questions, when the participants were asked
what they liked about science, the teacher was the most often given answer.
Teachers, as we all know, are valuable assets in the classroom when they are
"good" at their job.
Conclusions
It's a difficult line to walk, the one between teaching in a way that engages
the students and encourages them to have fun while leaming and on the other
hand ensuring that the lesson is teaching what it is meant to teach. For example,
during the focus groups this problem became evident when Annie was recalling a
geology lesson from her earth science class; one that was hands-on but still
"boring". Her recollection went something like "here's a sheet of rules -> if this
rock scratches...". Here Annie was learning to use a key but didn't realize that
was the lesson! What she remembered was a "dumb" lesson on rocks. The
challenge to the teacher is how to make this lesson exciting while still getting the
point across. Maybe sometimes this just isn't possible. Another challenge to the
teacher became evident when the participants expressed their desire to learn about
topics that they had a personal interest in. For instance, Elizabeth remembered
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the rock lessons fondly since she has a desire to be an astronaut. However, she
was the only one out of all the participants that voiced a desire to learn about this
topic. Sometimes the teacher carurot create lessons that are all things to all people
but they can at least try to find a way to make it interesting.
The opportunities available to a science teacher are sometimes quite
unique. They have the chance to use what the students view as "cool tools" while
teaching relative information in a somewhat real-life application. They also have
the opportunity to afford the students the freedom to explore and this is something
the students can own while at the same time develop some life skills.
The science classroom can also be used as a platform for relationship
building between student and teacher. There is implicit danger in a science
classroom; depending on the topic, students may have access to fire, saws,
chemicals and various other semi-dangerous items. The students are afforded a
certain level of trust (after much discussion on proper classroom protocol) that is
necessary to function independently in some classrooms. The teachers can
capitalize on this relationship builder and really use that to understand the
students better and vice versa. This also represents an aspect of the real life
applicability that is presented in the science classroom.
Self-ReJlection
Hearing about teachers and how they seem to personally affect the
students was an interesting experience for me. I think that before this experience,
I tended to gloss over the idea of what my relationship with my students was, but
now, I look at it as the serious opportunity that it is. As a ninth grade science
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teacher, I see a large part of my job as engaging these students with science, plain
and simple. I strive to help them see that they are all capable of grasping the ideas
and hope to give them the tools to make this achievable for them. Through this
process I learned the value of really knowing your stuff, meaning, being very
knowledgeable about the subject area. To this end, since I teach basically an
introduction to Physics class, I worked it out with the principal and the Physics
teacher (a 30 year veteran) that instead of doing hall duty, I would audit the
Physics class for the yeff and brush up on my concepts. It was a fantastic
experience for me. I think that the students in that physics class, all seniors, saw
my pursuit of continuing education as a kind of validation for how they perceived
the quality of the education they were receiving at this school. My ninth grade
students were exposed to their teacher as a student and that also gave them a
different perspective.
Another way in which conducting the focus groups helped enrich my
teaching was that I tried to shift my curriculum the following year to
accommodate the students' personal interests and work those into the curriculum.
This was more of a possibility with my Environmental Studies class since I have a
lot more freedom with what I'm required to teach. At the beginning of the
semester of this yearlong class, I asked the students what topics they were
interested in as pertaining to the environment. Now, this was no easy task since
many of the students who sign up for that class (they have the choice of what 3'd
year of science to take) view this as the "easy" class and sign up not out of
interest in the environment, but as a desire to take the easy road. Because of this,
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many of the students displayed apathy towards this question, or really had little
idea as to what the possibilities were or what was going on relative to this topic in
the world today. After much discussion and some prodding, we came up with a
list of topics that we posted on the bulletin board. It was posted more for my use
than theirs, but occasionally they would check it and remind me of something
they were hoping to cover that we hadn't yet gotten to in class. In this way, I
hope I presented more personally relevant information and engaged more students
than I otherwise would have in the study of the environment.
Knowing the importance of these different aspects of how the teacher can
have a greater impact in the science classroom gives me greater footing to
innovate as a teacher and exploit these aspects.
Challeneing Class
Overview
How challenging a class is affects the students' motivation to participate,
since if it is not perceived to be challenging, then you don't really see the need to
engage in order to do well. The focus group participants expressed the challenge
they perceived in a number of ways. They referred to the "A HA" moment you
get when you figure out something on your own, how the mystery inherent to
much of the study of science "makes you think", and what they dubbed the "why
factor." Whatever you call it, students, and particularly the female student
participants in these focus groups, want to be challenged in order to be engaged.
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Conclusions
According to many of the comments during the focus groups, the female
students interviewed have a large desire to figure things out for themselves when
it comes to science. For instance, Maria said that it makes the learning "much
more real" when they were left to their own devices (or the instructors
scaffolding) to figure out answers in their science classes. Virginia talked about
how science was really interesting and that she really enjoyed it when she was
dealing with the mystery factor. These elements could not be present if there was
not also an element of challenge to the lesson. Challenge can be quite
intrinsically motivating if presented with the proper scaffolding. Clara brought up
how it's easier to deflect social pressures and ask more questions in a class when
everyone is challenged; even the "smart" kids. This is a difficult task for a
teacher when you're not in an accelerated or otherwise stream-lined class;
oftentimes in the 9th grade Physical Science classes we're teaching to the middle,
thus making it difficult to create equal challenges for the high and low students in
the classroom.
The other aspect of creating challenge and getting the students to think in
the classroom is that again there is an opportunity for collaboration and real-life
presentation of problems. The participants shared how often times when they
were forced to think things through themselves, they found themselves
collaborating more with other students to help find the answers. This was also
interesting since they got to learn how and what other students were thinking. It
seems these types of experiences are eye-opening on a number of different levels.
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Self-Reflection
Sometimes in teaching, it's easier to do than to teach. This approach does
not encourage self-thinking, nor is it necessarily motivating to the students. The
9th grade students are required to build a self-propelling car using a given list of
supplies at the end of each school year. This project came up a number of times
in the focus groups as an example of a problem that made you think. Many of the
participants expressed how they had found this task particularly daunting but then
given the proper support, individual and group brainstorming sessions, and time
to work with the supplies in a non-instructed way, they were able to start
envisioning themselves succeeding at this task. It's a great constructive teaching
moment/time in the classroom, and I've worked to model other projects the same
way. In Environmental Studies I created a group project on biomes that was
designed to let the students teach and express the information on the biomes in
their own way. It was left open how they could research and present their
information. Since this was an older population of students, there were
"meetings" set up between the groups and myself to monitor progress and give
advice. At the culmination of the project the presentations were given not in the
classroom, but in the conference room of the library to give it a more business-
like feel. Although I think the real life application of the business
meeting/presentation was aptly conveyed, the presentations themselves fell flat. I
believe it was partly not enough scaffolding for this population and partly a lack
of interest in the topics. I was trying to create a challenge to them in how
professional, polished and interesting their presentations could be and perhaps
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didn't pick the best topic to do this with. It was also an effort to get them to learn
twice by teaching and this aspect did somewhat succeed.
One way in which I will try to incorporate the idea of challenging
everyone present is to create higher-level opportunities for those that wish to
pursue them. They would not be offered as extra credit, but encouraged somehow
for the higher-level learners so they can move faster or more in depth. My idea for
this reflects more of a one-room schoolhouse with multi-ability students than one
room of the same level students.
Questions for Further Research
Many studies have been done looking at different aspects of females and
science and how to reduce the gender gap, but not as many have been done
looking at what specifically does engage females in science and how can we build
on that.
One of the topics brought up by the focus group participants was how do
we get away from pigeon holing girls into the soft sciences and making them feel
like they have to be pushed into areas like engineering and physics. They also
related to the idea of girls that are smart in science don't look cool and how this is
tough to do in a high school setting. There is a stigma prevalent in schools that
girls are more squeamish and this has been addressed in studies, but now how do
we go forward and actually educate the masses of science teachers and get them
to stop perpetuating this stereotype?
My study focused on a small population of females at one school. I am
using the findings to create a more engaging and interesting science classroom of
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my own, but there are still many questions as to how to implement these ideas in a
practical way that still upholds a high level of educational achievement for all
students.
There are also ways in which I would have conducted the focus groups
differently. After going through the data and organizing the information I was
given, I wish I would have structured some of my questions differently.
Specifically, when I asked "Of the topics presented, what did you find
interesting?" a topical discussion ensued rather than a discussion that focused on
the big picture. If I had worded this differently perhaps information that was





I have learned many things about myself, my teaching style, and a bit
about the female students' perceptions of the science classroom through
conducting these focus groups. Looking back I think there were other questions I
could have asked, but at the same time, the girls veered off in the own directions
as the discussions took them, so maybe I would have ended up with similar
information even with different questions,
The students were very open with me in the focus group sessions, which
made me feel relieved since I had had some of them in class before. I felt like
they were open and honest in their discussions with me and with each other. The
four themes that emerged from the focus groups (fun, hands-on activities, quality
teacher and challenging class) showed what creates an engaging and interesting
science class according to these focus group participants. Now the task that lies
ahead is to capitalize on these findings in such a way as to encourage females to
pursue further studies in the field of science.
I was surprised by my findings that teachers were so important to these
students. I mean, I knew we had a big impact and that it was useful to know your
subject material inside and out, but I didn't know that the students took their
teacher/student relationships so personally and so seriously. It seems to have a
big impact on how motivated they are and how engaged they are to really feel a
connection to their teacher.
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I was also surprised that having a challenging class would be so engaging.
I guess it's kind of like in sports, where you play up to the level of your opponent.
This was an eye-opening discovery for me. Not that I thought that all students
want to breeze through their education, but I guess I always thought they wanted
to be given the information in a way that they could more easily grab hold of it.
Through this process I have discovered that perhaps my job as a teacher
isn't to solely educate inside the classroom. There are so many opportunities
outside the classroom for students to pursue on their own; perhaps part of my job
is to help make them more aware of these opportunities. Some examples of these
opportunities are GEMS groups, classes at the Bakken Museum, classes at the
Science Museum, and the Minnesota Zoo,just to mention a few. More students
need to know about these opportunities in order to take advantage of them. To
this end, I created an extra credit opportunity in my Environmental Science class
(since these students were older and more capable of getting themselves around
on their own) where I posted weekly goings on in the outdoor world. I found a
great resource in the SEEK calendar (Minnesota's home of environmental
education resources http://www.seek.state.mn.us/calendar.cfiu) and posted this on
the bulletin board. The students could go to the website if they saw something of
interest to get more information. Then, all they had to do was get out there, have
some fun and learn something, type up a one-page report for me detailing the
event, and they could receive up to 5 extra credit points. It took some effort on
their part, but what else is extra credit for? I know I can do a better job of
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communicating these opportunities to other classes as well utilizing the schools
parent-teacher communication network.
Teaching science is a challenging and fun way to spend my days. Every
time I see that "A HA" moment happen it gives me a jolt. Conducting these focus
groups and working through this action research project has helped me fine-tune
my personal goals and mission in my classroom. It used to be that I wanted to
engage the 9th graders no matter what it took, and get them interested in the
"whys" of science and not just the big showy kind of stuff. Now, I have further
defined that for myself to be: to challenge the students, relative to the individual
ability; to be the most knowledgeable teacher I can be and to constantly pursue
further education of my own; and to encourage their thinking and abilities by
creating more opportunities for hands-on self discovery for my students, My
role in the classroom is to give them the tools and resources to develop their
problem solving skills. My main goal for that classroom is that the students
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